To evaluate the genotoxicity of propolis and L-lysine, as well as their effects on the possible cellular damage in erythroblasts (bone marrow) and leukocytes (peripheral blood) caused by the carcinogen BBN (n -butyl -n {4 -hydroxybutyl} nitrosamine) in rats subjected to bladder carcinogenesis and treated with green propolis and L-lysine.
Introduction
We live in era of environmental genotoxicity. This is because of the direct action of the ingestion of contaminated food and water (preservatives, dyes, hormones, agrotoxins, industrial and radioactive residues) or by the inhalation of gases and heavy metals (burning fuels in large urban centers). Genotoxicity could occur indirectly by hepatic metabolism of everything that is ingested or inhaled daily. In the last five years, there have been 15 .000 published studies investigating antimutagenic and anticarcinogenic substances, with the majority coming from plants. The CA is used to detect genomic alterations. The principle of CA is based on the migration of DNA in agarose during electrophoresis, as largely intact or fragmented molecules. MNT is utilized to detect chromosomal damage of the mitotic spindle, in which during the maturation of erythroblasts, the nucleus is expelled from the cell and in the absence of damage through breaks or damage in the mitotic spindle, where no residual chromatid (micronucleus) remains inside the cell. Propolis is a resin produced by bees that has various antineoplasic 2 , antiinflammatory 3 , immunomodulatory 4 , antibacterial 5 and antiangiogenesis properties 6, 7 . L-lysine is an essential amino acid and has been utilized in the extraction of propolis since the patented proposal of Nicolov et al. 8 up to recent publications 2, 3, 7, 9 . The objective of this work was to study the genotoxicity of green propolis and L-lysine on the bone marrow of rats subjected to chemical carcinogenesis of the bladder.
Methods
One hundred and twenty five rats were distributed into following groups: I, IIA, IIB, III, K, L M N, X, XI, XII and XIII.
Groups I to X received BBN for 14 weeks in drinking water. Group I was treated with ig propolis at 150 mg/kg, for 44 weeks, beginning 30 days before the start of BBN. Groups IIA, III were treated with propolis (150 mg/kg), for 40 weeks, sc and ig, respectively, started simultaneously with BBN. On the 32nd week, the animals of groups L, M and N, were treated ig with L-lysine (300 mg/kg), celecoxib (30 mg/kg) and propolis (300 mg/kg), respectively, up to the 40th week. The groups that received only BBN (IIB and K)
were treated with water, sc and oral, respectively, for 40 weeks.
Groups XI, XII and XIII received respectively propolis (150 mg/ kg), L-lysine (150 mg/kg) and water ig for 40 weeks (Figure 1 ). At the end of 40 weeks, the survivors were anesthetized and subjected to bone marrow aspiration from the femur and blood sampling from the aorta for CA and MNT, respectively, for determination of genotoxicity. 
Bone-marrow micronucleus test
Before the animals were euthanized, both femoral were 
Alkaline comet assay
The experiments were carried out according to Hartmann et al. 12 . The survivors at 40 weeks were used for each experimental group, where slides were prepared from each sample and 100 nuclei/animal were evaluated per slide. Briefly, whole blood (10 μL) ( Figure 3) were dissolved in 0.75% low melting point agarose and immediately spread onto a glass microscope slide precoated with a layer of 1% normal melting point agarose. The agarose was allowed to set at 4°C for 5 min. The slides were incubated in icecold lysis solution (2.5 M NaCl, 10 mM Tris, 100 mM EDTA, 1% Triton X-100 and 10% DMSO, pH 10.0) at 4°C for at least 1 h to remove cellular proteins, leaving the DNA as nucleoids.
After the lysis procedure, the slides were placed on a horizontal electrophoresis unit. The unit was filled with fresh buffer (300 
RESULTS
Mean and standard deviation of DI of rats effectively evaluated are given in Table 2 . 
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The groups that did not receive BBN, XI, XII and XIII, did not exhibit genotoxity according to the two methods used (XI was given propolis extracted in L-lysine, and XII only L-lysine and XIII only water).
Discussion
This work is a continuation of earlier studies published by Dornelas et al. 7, 9 whose objective was to evaluate the effect of green propolis and L-lysine on carcinogenesis and angiogenesis in rats subjected to chemical carcinogenesis of the bladder. In the earlier studies, we found that propolis administered to rats inhibited angiogenesis and bladder carcinogenesis in this model at the doses studied and that L-lysine promoted bladder carcinogenesis. The animals given only L -lysine for 40 weeks did not develop cancer, but on the other hand, in the animals that received carcinogen and L-lysine, the lesions were more invasive than in the group given only carcinogen. This finding indicated that at these doses L-lysine does not induce bladder carcinogenesis but only promotes it. It was uncertain as to if propolis and L-lysine exerted or not a protective effect in bone marrow of animals subjected to bladder carcinogenesis. Would propolis and L-lysine at that doses and times be genotoxic to bone marrow and blood peripheral leukocytes?
Animals from those experiments that survived up to the 40th week, were then subjected to the two tests for evaluation of genotoxicity.
DI is an arbitrary measure (without units utilized for assessing the extent of DNA lesions (Table 1 and Figure 4 ).
The MNT and CA results showed that both L-lysine and propolis extracted in lysine for the times and doses tested were not genotoxic in rats. Furthermore, they significantly protected against the genotoxicity of BBN, when compared with the controls. 18, 19 .
The tests also showed that celecoxib, propolis and L-lysine (at two times higher dose) initiated in the 32nd week were also able to significantly reduce cellular genotoxic damage when compared with the controls that were subjected to BBN. It should be recalled combined with other agents in the treatment of cancer [20] [21] [22] . Celecoxib is a highly selective COX-2 inhibitor and can induce apoptosis in MGC803 gastric cancer cells through a mechanism that involves cell cycle arrest, mitochondrial release of cytochrome C and activation of caspases 23 . The promising results and the cardiotoxic effects of celecoxib have prompted the scientific community to develop a synthetic derivative that is effective in the treatment of cancer without producing collateral effects.
Conclusion
Both propolis and L-lysine and celecoxib are effective in the protection and/or reversal of genotoxicity by BBN, in the cells specifically evaluated (bone marrow erythrocytes and blood leukocytes) at the times and doses tested. Propolis as well as L-lysine at the doses and times used, are not genotoxic in the cells evaluated, according to the two tests applied.
